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Description 



ACTIVE NIGHT VISION CONTROL 

SYSTEM 

Background of Invention 

[0001] The present invention relates to niglit vision systems, and 
more particularly, to a system and method of controlling 
operation of an active night vision system. 

[0002] Night vision systems allow a vehicle occupant to better 
see objects during relatively low visible light level condi- 
tions, such as at nighttime. Night vision systems typically 
are classified as either passive night vision systems or ac- 
tive night vision systems. Passive systems simply detect 
ambient infrared light emitted from the objects within a 
particular environment. Active systems utilize a light 
source to illuminate a target area and subsequently detect 
the infrared light reflected off objects within that area. 

[0003] Passive systems typically use far-infrared cameras that are 
characterized by low resolution and a relatively narrow 
field-of-view. Such cameras must be located on the vehi- 



cle exterior in order to acquire requisite infrared energy in 
tlie operating environment. Externally mounted cameras 
can negatively affect vehicle styling. Far-infrared cameras 
are also costly to manufacture and generate images that 
have poor contrast, which can be difficult to interpret. 
[0004] Active systems provide improved resolution and image 
clarity over passive systems. Active systems utilize laser 
or incandescent light sources to generate an illumination 
beam having near infrared light energy, and charged cou- 
pled devices or CMOS cameras to detect the reflected in- 
frared light. Active systems commonly deploy a light 
source external to the vehicle to transmit a significant 
amount of light energy and provide a bright scene for 
imaging. 

[0005] Diode lasers are preferred over incandescent light sources 
for several reasons. Incandescent light sources are not 
monochromatic like diode lasers, but instead emit energy 
across a large spectrum, which must be filtered to prevent 
glare onto oncoming vehicles. Filtering a significant por- 
tion of the energy generated from a bulb is expensive, en- 
ergy inefficient, and generates undesired thermal energy. 
Also, filter positioning is limited in incandescent applica- 
tions, since the filter must be located proximate an asso- 



ciated light source. As well, multiple incandescent sources 
are often required to provide requisite illumination, thus 
increasing complexity and costs. 

[0006] Although diode lasers are preferred over incandescent 
light sources, their emission wavelength is dependent on 
temperature, such that the output wavelength of a diode 
laser shifts approximately 0.25nm for every one-degree 
Celsius change in temperature. The temperature sensitiv- 
ity is especially evident when the laser diodes are exter- 
nally mounted on a vehicle, since external temperatures 
vary considerably. 

[0007] There is a current desire to utilize laser based active night 
vision systems within automotive vehicles. This utilization 
is limited by current and upcoming operating safety stan- 
dards of laser products. These standards include accept- 
able operating levels of illumination, laser intensity levels, 
maximum permissible exposures, accessible emission 
limits, illumination distances and height requirements, as 
well as other known standards and requirements. Exam- 
ples of laser product operating safety standards can be 
found in the European and international laser safety stan- 
dard lEC 60825-1 from the International Electrotechnical 
Commission. 



[0008] Thus, there exists a need for an improved system and 
method of controlling operation of a laser based active 
night vision system that satisfies safety-operating stan- 
dards of interest and maintains a desired wavelength op- 
erating range of a light source of the night vision system. 
Summary of Invention 

[0009] The present invention provides a vision system for a vehi- 
cle. The vision system includes a light source that gener- 
ates an illumination beam. A receiver generates an image 
signal in response to a reflected portion of the illumina- 
tion beam. A transmission sensor generates a transmis- 
sion signal. A controller is coupled to the light source, the 
receiver, and the transmission sensor and enables activa- 
tion of the light source in response to the transmission 
signal. 

[0010] The embodiments of the present invention provide several 
advantages. One such advantage that is provided by sev- 
eral embodiments of the present invention is the provision 
of a vision system having a variably controlled light 
source. The emission intensity of the light source is varied 
in response to the transmission gear and may be varied in 
response to other various vehicle and vision system re- 
lated parameters. In so doing, the stated embodiments of 



the present invention are capable of operating a niglit vi- 
sion system within a vehicle while satisfying various vision 
system safety operating standards. 
[0011] Another advantage that is provided by multiple embodi- 
ments of the present invention is the provision of a ther- 
mal control system that maintains a desired operating 
range of the light source. In so doing, the present inven- 
tion accurately maintains desired illumination wavelength 
of the light source and increases reliability of the light 
source. 

[0012] Furthermore, another advantage that is provided by multi- 
ple embodiments of the present invention is the provision 
of a vision system that is able to preheat a light source 
before operation thereof. The stated embodiments may 
remotely enable heating of the light source. In so doing, 
the stated embodiments allow a vehicle operator to pre- 
heat the light source such that the night vision system can 
be activated and operated appropriately upon activation of 
the ignition system of the vehicle. 

[0013] The present invention itself, together with further objects 
and attendant advantages, will be best understood by ref- 
erence to the following detailed description, taken in con- 
junction with the accompanying drawing. 



Brief Description of Drawings 

[0014] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying figures and de- 
scribed below by way of examples of the invention 
wherein: 

[0015] Figure 1 is a front perspective view of an active night vi- 
sion system in accordance with an embodiment of the 
present invention. 

[0016] Figure 2 is a side perspective and block diagrammatic 
view of the active night vision system in accordance with 
an embodiment of the present invention. 

[0017] Figure 3 is a block diagrammatic view of an illuminator 
system utilizing a thermal control system in accordance 
with an embodiment of the present invention. 

[0018] Figure 4 is a block diagrammatic view of a receiver system 
in accordance with an embodiment of the present inven- 
tion. 

[0019] Figure 5A is a logic flow diagram illustrating a method of 
controlling the active night vision system in accordance 
with an embodiment of the present invention; and. 

[0020] Figure 5B is a logic flow diagram illustrating a method of 
thermally controlling the operating range of a light source 



of the active night vision system in accordance with an 

embodiment of the present invention. 
Detailed Description 

[0021] In the following figures the same reference numerals will 
be used to refer to the same components. While the 
present invention is described with respect to a system 
and method of controlling operation of an active night vi- 
sion system, the present invention may be applied in vari- 
ous applications where near infrared imaging is desired, 
such as in adaptive cruise control applications, collision 
avoidance and countermeasure systems, and in image 
processing systems. The present invention may be applied 
during daytime hours or at night. The present invention 
may be applied in various types and styles of vehicles as 
well as in non-vehicle applications. 

[0022] Also, although the present invention is described with re- 
spect an illumination system that is configured to be 
mounted within an overhead console of a vehicle, the 
present invention may be applied to light sources within 
or exterior to an interior cabin of a vehicle, as well as to 
other light sources. 

[0023] In the following description, various operating parameters 
and components are described for one constructed em- 



bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0024] Additionally, in the following description the term "near 
infrared light" refers to light having wavelengths within 
the infrared light spectrum (750nm to lOOOnm) and light 
having wavelengths near or just outside of the infrared 
light spectrum. The term also at least includes the spec- 
trum of light output by the particular laser diode source 
disclosed herein. 

[0025] Referring now to Figures 1 and 2, front and side perspec- 
tive views of an active night vision system 10 in accor- 
dance with an embodiment of the present invention are 
shown. The vision system 10 is configured for an interior 
passenger cabin 12 of a vehicle 14. The vision system 10 
includes an illumination system 16 having a thermal con- 
trol system 17, and a receiver system 18. The illumination 
system 16 generates an illumination beam 20 having a 
beam pattern 22, which is directed towards a target area 
24 that is forward of the vehicle 10. Portions of the illumi- 
nation beam 20 are reflected off objects (not shown) 
within the target area 24 and are received by the receiver 
system 18. The receiver system 18 indicates to vehicle oc- 
cupants, via an indicator 26, detection of the objects in 



response to reflected portions of the illumination beam 
20. The thermal control system 17 thermally controls the 
operating range of the illumination system 16. 

[0026] Activation of the illumination system 16 and the receiver 
system 18 are enabled and disabled in response to vari- 
ous vehicle and vision system parameters. Some of the 
vehicle and vision system parameters are determined from 
the vision system operating sensors 28, which are de- 
scribed in further detail below. 

[0027] The illumination system 16 is configured to be mounted 
within an overhead console 30 above a rearview mirror 
32, and the receiver system 18 is configured to be 
mounted forward of a driver seat 34 on a dashboard 36. 
Of course, the illumination system 16 and the receiver 
system 18 may be mounted in other locations around the 
windshield 38 as well as other window and non-window 
locations within the vehicle 14. 

[0028] Referring also to Figure 3, a block diagrammatic view of 
the illuminator system 16 utilizing the thermal control 
system 17 in accordance with an embodiment of the 
present invention is shown. The illumination system 16 
includes an illuminator assembly 40 and the thermal con- 
trol system 17. 



[0029] jhe illuminator assembly 40 includes a light source as- 
sembly 42 that generates light, which may be emitted 
from the assembly 42 in the form of an illumination beam, 
such as beam 20. Light generated from the light assembly 
42 is directed through an optic assembly 44 where it is 
collimated to generate the illumination pattern 22. The il- 
lumination beam 20 is emitted from the light assembly 42 
and passed through the windshield 38. The light assembly 
42 includes a light source 46 that is contained within a 
light source housing 48. The light source 46 also receives 
an illumination signal from the illumination controller 50. 
The intensity of the illumination beam 20 is directly pro- 
portional to the voltage of the illumination signal. The il- 
lumination signal is converted into a current level that is 
supplied to the light source 46. 

[0030] The light source 46 may be of various types and styles. In 
one embodiment of the present invention, the light source 
46 is a near infrared diode laser that has desired 
monochromatic and illumination characteristics. The 
diode laser may, for example, be a Single Stripe Diode 
Laser, Model No. S-81-3000-C-200-H manufactured by 
Coherent, Inc. of Santa Clara, California. 

[0031] The optical system 44 includes the light assembly 42, the 



light coupler 52, and the beam-forming optic 54. Light 
from the light source 46, represented by arrow 55, is 
emitted towards and is reflected by the light coupler 52 to 
the optic 54, where it is again reflected towards and 
through the windshield 38. The light coupler 52 and the 
optic 54 may be contained within a component alignment 
maintaining module or housing (not shown). The optical 
system 44 may also include a series of light emitting 
diodes (LEDs) 56 or the like for performing color mitiga- 
tion and for adjusting perceived color of the illumination 
beam 20 as it is emitted from the illuminator assembly 
16. The light emitted by the LEDs 56 is represented by the 
arrows 57. 

[0032] The light coupler 52 may be in the form of a mirror, as 

shown, a series of mirrors, a fiber optic cable, or other re- 
flective or light transporting device known in the art. In 
the embodiment as described, light is emitted from the 
light source 46 in the form of an elliptically shaped beam 
with a spread angle of approximately 20-50°. The beam is 
reflected at approximately a 90° angle by the light coupler 
52 to enter the optic 54. Although the present invention is 
described with respect to the incorporated use of a light 
coupler 52, the present invention may be modified to have 



direct emission of liglit between tlie liglit source 46 and 
tlie optic 54, without use of a light coupler 52. 

[0033] Although the optic 54 may be in the form of a thin sheet 
optical element, it may also be in some other form. Con- 
tinuing from the above-described embodiment, the optic 
54 expands and reflects the light generated by the light 
source 46 at approximately a 90° angle to direct the light 
forward of the vehicle 14. Light from the light source 46 
enters and is reflected and/or collimated by the optic 54, 
and is then reflected and emitted through the windshield 
38. Also, although a single optic is shown, additional op- 
tics may be incorporated within the illumination system 
16 to form a desired beam pattern onto a target external 
from the vehicle 14. 

[0034] The optic 54 may be formed of plastic, acrylic, or of some 
other similar material known in the art. The optic 54 can 
utilize the principle of total internal reflection (TIR) and 
form the desired beam pattern with a series of stepped 
facets (not shown); An example of a suitable optical ele- 
ment is disclosed in U.S. Patent Application Serial No. 
09/688,982 entitled "Thin-Sheet Collimation Optics For 
Diode Laser Illumination Systems For Use In Night-Vision 
And Exterior Lighting Applications." 



[0035] jhe thermal control system 17 includes the thermal sen- 
sor 60, the cooling assembly 61 that has a cooling device 
62, the heater 63, and the controller 50. The cooling de- 
vice 62 and the heater 63 perform in operative response 
to the thermal sensor 60, via the controller 50, as is de- 
scribed in further detail below. The cooling device 62 aids 
in transferring thermal energy away from the light source 
46. The heater 63 provides and transfers thermal energy 
into the light source 46. The cooling device 62 and the 
heater 63 operate to maintain temperature of the light 
source 46 within a pre-determined temperature range. 
For example, a diode laser may have a desired tempera- 
ture operating range of approximately 35''-55°C, where 
35°C may be considered a maximum temperature limit 
and 55^ may be considered a minimum temperature 
limit. These limits may vary as is further described in 
more detail below. 

[0036] Jhe thermal control system 17 also includes a heat sink 
64. The heat sink 64 is provided and allows thermal en- 
ergy transfer between the light assembly 42 and the cool- 
ing assembly 61. The heat sink may be an integral part of 
the light source 46 or the light assembly 42. Thermal en- 
ergy is absorbed by the heat sink 64 from the light as- 



sembly 42 and is radiated into tlie cooling assembly 61. 

[0037] The thermal sensor 60 is thermally coupled to and senses 
the temperature of the light source 46 and may be in the 
form of a thermistor or other temperature-sensing device 
known in the art. The thermal sensor 60 may be part of 
the light assembly 42 and be located within the light 
housing 48, as shown, or may be separate from the light 
assembly 42 or the housing 48. 

[0038] The cooling device 62 is in thermal communication with 
the heat sink 64, via an air sleeve 66. The thermal system 
17 circulates air around a perimeter 68 of the heat sink 64 
and disperses thermal energy from the heat sink 64 into 
an air gap 70 between a headliner 72 and a roof 74 of the 
vehicle 14. The dispersement of the thermal energy cools 
the heat sink 64 and thus the light assembly 42 and the 
light source 46. The cooling device 62 is utilized in con- 
junction with the thermal sensor 60 in controlling temper- 
ature of the light source 46, when temperature of the light 
source 46 is above the minimum temperature limit. The 
minimum temperature limit refers to a minimum temper- 
ature as to when the cooling device 62 may be activated. 

[0039] Although the cooling device 62 may be in the form of a 
cooling fan, as shown, the cooling device 62 may be in 



some other form known in the art. The cooling device 62 
may, for example, be in the form of an air-conditioning 
system or be in the form of a refrigeration type system or 
circuit having a refrigerant contained therein. As another 
example, the cooling device 62 may be as simple as an air 
vent allowing air to circulate and cool the light assembly 
42. 

[0040] The heater 63 may be external to the light source housing 
48, as shown, or may be contained within the light source 
housing 48. The heater 63 is utilized in conjunction with 
the thermal sensor 60 to control temperature of the light 
source 46, during cold starts of the vehicle 14 or when 
temperature of the light source 46 is below the maximum 
temperature limit. The maximum temperature limit refers 
to a maximum temperature for operation of the heater 63; 
the heater 63 may be operated at any temperature less 
than or equal to the maximum temperature limit. The 
heater 63 increases temperature of the light source 46 in 
response to a temperature signal that is generated by the 
thermal sensor 60. 

[0041] The controller 50 may be microprocessor based such as a 
computer having a central processing unit, memory (RAM 
and/or ROM), and associated input and output buses. The 



controller 50 may be an application-specific Integrated 
circuit or may be formed of other logic devices known in 
the art. The controller 50 may be a portion of a central 
vehicle main control unit, an interactive vehicle dynamics 
module, a restraints control module, a main safety con- 
troller, a control circuit having a power supply, combined 
into a single integrated controller, or may be a stand- 
alone controller as shown. 
[0042] The heat sink 64 may be of various sizes, types, and 

styles known in the art. The heat sink 64 includes a ther- 
mal coupler layer 80 that covers a forward surface 82 of 
the heat sink 64. The forward surface 82 resides between 
the heat sink 64 and the light source 46. The thermal 
coupler layer 80 provides an efficient thermal transport 
between the light source 46 and the heat sink 64. The 
thermal coupler layer 80 may be formed of indium, 
graphite, or of some other material having similar thermal 
properties. 

[0043] By having the thermal system 17 within the illumination 
system 16, temperature of the light source 46 may be 
controlled without adjusting temperature of the interior 
cabin 12. 

[0044] Referring now to Figure 4, a block diagrammatic view of 



the receiver system 18 in accordance witli an embodiment 
of tlie present invention is sliown. Tlie receiver system 18 
includes a receiver assembly 90 having a first receiver 92, 
a filter 94, a lens 96, and a receiver system controller 98. 

[0045] The receiver 92 may be in the form of a charge-coupled 
device (CCD) camera or a complementary metal oxide 
semiconductor (CMOS) camera. A CCD camera. Model No. 
Wat902HS manufactured from Watec America Corporation 
of Las Vegas, Nevada may, for example, be used as the 
receiver 92. Near infrared light reflected off objects is re- 
ceived by the receiver 92 to generate an image signal. 

[0046] The filter 94 is used to filter the reflected near infrared 
light. The filter 94 may be an optical bandpass filter that 
allows light, within a near infrared light spectrum, to be 
received by the receiver 92. The filter 94 may correspond 
with wavelengths of light contained within the illumination 
signal 20. The filter 94 prevents blooming caused by the 
lights of oncoming vehicles or objects. The filter 94 may 
be separate from the lens 96 and the receiver 92, as 
shown, or may be in the form of a coating on the lens 96 
or a coating on a lens of the receiver 92, when applicable. 
The filter 94 may be a digital or analog filter or may be a 
multistack optical filter located within the receiver 92. 



[0047] In an embodiment of the present invention, the center 
wavelength of the filter 94 is approximately equal to an 
emission wavelength of the light source 46 and the filter 
full-width-at-half-maximum is minimized to maximize 
rejection of ambient light. Also, the filter 94 is positioned 
between the lens 96 and the receiver 92 to prevent the 
presence of undesirable ghost or false images. When the 
filter 94 is positioned between the lens 96 and the re- 
ceiver 92 the light received by the lens 96 is incident upon 
the filter 94 over a range of angles determined by the lens 
96. 

[0048] The receiver controller 98 may also be microprocessor 

based, be an application-specific integrated circuit, or be 
formed of other logic devices known in the art. The re- 
ceiver controller 98 may be a portion of a central vehicle 
main control unit, an interactive vehicle dynamics module, 
a restraints control module, a main safety controller, may 
be combined into a single integrated controller, such as 
with the illumination controller 50, or may be a stand- 
alone controller as shown. 

[0049] Referring again to Figures 2-4, the main controller 50 

controls operation of the light source 46 and the thermal 
control system 17 whereas the receiver controller 98 con- 



trols operation of the receiver 92. Tlie controllers 50 and 
98 may be coupled to vision system controls 100, as are 
shown in Figure 2, which are mounted on a center console 
102. The system controls 100 may include a vision system 
activation switch 104, a light coupler position adjuster 
control 106, and an illumination beam brightness control 
108. 

[0050] The vision system 10 may be manually activated through 
use of the activation switch 104 or the vision system 10 
may be internally activated by one of the controllers 50 or 
98. The light coupler control 106 may be coupled to a 
light coupler motor (not shown) and be used to adjust 
alignment angles of the light coupler 52 relative to the 
light source 46 and the optic 54. The brightness control 
108 may be used to adjust the brightness or clarity of the 
indication signal on the indicator 26. 

[0051] The indicator 26 may include a video system, an audio 
system, an LED, a light, a global positioning system, a 
heads-up display, a headlight, a taillight, a display sys- 
tem, a telematic system or other indicator known in the 
art. The indicator 26 may indicate position, range, and 
traveling speed relative to the vehicle, as well as other 
known object parameters or characteristics. Objects may 



include any animate or inanimate objects including 
pedestrians, vehicles, road signs, lane markers, and other 
objects known in the art. In one embodiment of the 
present invention the indicator 26 is in the form of a 
heads-up display and the indication signal is projected to 
appear forward of the vehicle 14. The indicator 26 pro- 
vides a real-time image of the target area to increase the 
visibility of the objects during relatively low visible light 
level conditions without having to refocus ones eyes to 
monitor a display screen within the interior cabin 12. 

[0052] The vision system operating sensors 28 include a trans- 
mission sensor 120, a vehicle speed sensor 122, a head- 
lamp sensor 124, an illumination sensor 126, a vehicle 
activation sensor 128, and an ambient temperature sensor 
130. The sensors 28 may be of various type and style as is 
known in the art. The transmission sensor 120 detects a 
current operating gear or mode of a transmission 132. 
The transmission 132 may be in a forward, neutral, or re- 
verse operating gear or mode. A forward mode refers to a 
transmission condition that allows the vehicle 14 to travel 
in a forward direction. 

[0053] The vehicle speed sensor 122 detects traveling speed of 
the vehicle 14. The vehicle speed sensor 122 may be in 



the form of a velocity sensor in wliicli speed and direction 
of travel is detected. 
[0054] The headlamp sensor 124 detects operating current of the 
headlamps 134 (only one is shown). The headlamp sensor 
124 may be in the form of a switch to detect whether the 
headlamps 134 are in an active or ON state. The headlamp 
sensor 124 may also detect a level of operating current 
utilized by the headlamps 134, which is further described 
below. 

[0055] The illumination sensor 126 detects the amount of light 
external to the vehicle 14. The illumination sensor 126 
may be utilized to determine whether the vehicle 14 is be- 
ing operated during daylight hours. The illumination sen- 
sor 126 may be in the form of a sun-load sensor, a pho- 
tosensor, or other illumination sensor known in the art. 
The vehicle activation sensor 128 detects whether the ve- 
hicle 14 has been activated. 

[0056] The vehicle activation sensor 128 may be in the form of 
an ignition switch or sensor, a vehicle power switch or 
sensor, or other vehicle activation sensor known in the 
art. The ambient temperature sensor 130 may be 
mounted proximate to the light source 46 and detect the 
temperature of the air or operating environment of the 



light source 46. 

[0057] The vision system 10 may also include a transmitter 140 
and a second receiver 142. The transmitter 140 and the 
receiver 142 may be in the form of radio frequency de- 
vices or infrared devices or may be in some other form of 
transmitter and receiver devices known in the art. The re- 
ceiver 142 is coupled to the controller 50. The transmitter 
140 and the receiver 142 may be used to precondition the 
vehicle 14 or components and systems contained therein. 
For example, the transmitter 140 may signal the controller 
50, via the receiver 142, as to preheat the interior cabin 
12 or to initiate activation of the vision system 10. In acti- 
vating the vision system 10, the controller 50 may preheat 
the light source 46 or the heat sink 64. Although the 
transmitter 140 is shown as a keyfob the transmitter 140 
may be in the form of a cellular phone, an active transmit- 
ter, a passive transmitter, or may be in some other form 
known in the art. The second receiver 142 may be part of 
the first receiver 92. 

[0058] Referring now to Figure 5A, a logic flow diagram illustrat- 
ing a method of controlling the vision system 10 in accor- 
dance with an embodiment of the present invention is 
shown. 



[0059] In step 150A, the headlamp sensor 124 generates a head- 
lamp signal that signifies the operating current of the 
headlamps 134. In an embodiment of the present inven- 
tion, the headlamp signal signifies actual operating cur- 
rent level of each of the headlamps 134. By acquiring the 
operating current level of the headlamps 134, the con- 
troller 50 is able to determine whether at least one of the 
headlamps 134 is actually in an active state and is provid- 
ing illumination to an area forward of the vehicle 14, such 
as area 24. 

[0060] In the following steps 150-162 the controller 50 enables 
and disables the activation of the vision system 10 in re- 
sponse to the headlamp signal, the illumination signal, 
the vehicle activation signal, the vehicle state, the trans- 
mission signal, and the vehicle speed signal. 

[0061] In step 150B, the controller 50, in response to the head- 
lamp signal, determines whether the operating current is 
below a predetermined current level. When the operating 
current is greater than the predetermined current level, 
the controller 50 proceeds to step 152, otherwise the 
controller 50 proceeds to step 154A. 

[0062] In step 152, the vision system 10 is in a deactivated state. 
The illumination system 16 is deactivated. The controller 



50 either deactivates the illumination system 16 or pre- 
vents the illumination system 16 from being activated. 

[0063] In step 154A, the illumination sensor 126 generates an il- 
lumination signal. In step 154B, the controller 50, in re- 
sponse to the illumination signal, determines whether the 
vehicle 14 is operating during daylight hours. In so doing, 
the controller 50 assures that the vision system 10 is not 
being operated at nighttime or during times when the 
amount of day light is less than a predetermined level, 
without the use of headlamps 134. This assurance is pro- 
vided even though the vision system 10 is capable of pro- 
viding a vehicle operator with sufficient visibility and envi- 
ronmental awareness for such use. When the illumination 
signal is less than a predetermined illumination level the 
controller 50 proceeds to step 156A, otherwise the con- 
troller 50 proceeds to step 152. 

[0064] In step 156A, the activation sensor 128 generates a vehi- 
cle activation signal or signifies whether the vehicle 14 
has been activated. In step 156B, when the vehicle 14 has 
been activated the controller 50 proceeds to step 158, 
otherwise the controller 50 proceeds to step 152. 

[0065] In step 158, the controller 50 determines whether the ac- 
tivation switch 104 is in an ON state or has been actuated 



as to enable an activation state of the vision system 10. 
Wlien tlie activation switch 104 has indicated that the vi- 
sion system 10 has been activated the controller 50 pro- 
ceeds to step 160A, otherwise the controller 50 proceeds 
to step 152. 

[0066] In step 160A, the transmission sensor 120 generates a 
transmission signal. In step 160B, when the transmission 
132 is in a forward gear and the vision system 10 is being 
utilized for viewing an area forward of the vehicle 14 the 
controller 50 proceeds to step 162A, otherwise the con- 
troller 50 proceeds to step 152. Thus, the controller 50 
assures that the vehicle 14 is traveling in a forward direc- 
tion before activation of the vision system 10. When the 
vision system 10 is being used for viewing other areas ex- 
ternal to the vehicle 14 the controller 50 may permit acti- 
vation of the vision system 10 when the transmission 132 
is in gears or modes other than a forward gear or mode. 

[0067] In step 152^ the vehicle speed sensor 122 generates a ve- 
hicle speed signal. The controller 50 enables the illumina- 
tion system 16 and the receiver system 18 in response to 
the vehicle speed signal. The controller 50 in response to 
the vehicle speed signal determines and varies operation 
of the light source. When the vision system 10 is activated 



the controller 50 simultaneously performs steps 
180-182Dof Figure 5B. 
[0068] In steps 162A1-2, when the vehicle speed signal is ap- 
proximately equal to zero the light source 46 is operated 
at a minimum current level I . In steps 162B1-2, when 

min 

the vehicle speed signal is approximately between zero 
and 20mph or equal to approximately 20mph the con- 
troller 50 gradually increases the operating current of the 
light source 46 with respect to the increase in vehicle 
speed. The operating current, for vehicle speeds between 
zero and 20mph, is determined as a function of the vehi- 
cle speed. Minimum and maximum levels of the function 
correspond to the minimum current level I and a maxi- 

min 

mum current level I . In steps 162C1-2, when the vehi- 

max 

cle speed is approximately greater than 20mph the oper- 
ating current of the light source 46 is approximately equal 
to the maximum current level I 

max 

[0069] In step 164A, the transmitter 140 generates a precondi- 
tion signal and the illumination sensor 126 generates the 
illumination signal. In step 164B, the controller 50 in re- 
sponse to the precondition signal and the illumination 
signal determines whether to activate the vision system 10 
and preheat the light source 46 or the heat sink 64. When 



the controller 50 receives the precondition signal and de- 
termines that the illumination signal is below the prede- 
termined illumination level, the controller 50 proceeds to 
step 166A, otherwise the controller 50 proceeds to step 
152. 

[0070] In step 166A, the thermal sensor 60 generates a light 

source temperature signal in response to the temperature 
of the light source 46 or the heat sink 64. In steps 
166B1-3, when the temperature signal is less than or ap- 
proximately equal to 0°C the controller 50 activates the 
heater 63 to increase the temperature of the light source 
46 or the heat sink 64. When the temperature signal is 
greater than approximately OX the controller 50 deacti- 
vates the heater 63. 

[0071] In step 180, the thermal sensor 60 generates the light 

source temperature signal in response to the temperature 
of the light source 46. 

[0072] Referring now to Figure 5B, a logic flow diagram illustrat- 
ing a method of thermally controlling the operating range 
of the light source 46 in accordance with an embodiment 
of the present invention is shown. 

[0073] In step 182, the controller 50 adjusts temperature of the 
light source 46 or the heat sink 64 in response to the light 



source temperature signal. 

[0074] In step 182A, the controller 50 compares temperature of 
the light source 46 or the heat sink 64 with the maximum 
temperature limit and the minimum temperature limit. 

[0075] In step 182B, when the temperature of the light source 46 
is less than or equal to the maximum temperature limit, 
the controller 50 activates the heater 63 to increase the 
temperature of the light source 46. The maximum tem- 
perature limit, using the above sample temperature range 
of 35°-55°C, may be approximately equal to a temperature 
range between 35''-42''C. The temperature range between 
35''-42''C may be referred to as a heater deactivation zone. 
The heater 63 may be activated to increase temperature of 
the light source 46 even when the vision system 10 is de- 
activated. By warming the light source 46 before activa- 
tion of the vision system 10, the light source 46 is ready 
for operation when the vision system 10 is activated, 
without time delay for ramping up temperature of the 
light source 46. 

[0076] In step 182C, when the temperature of the light source 46 
is greater than or equal to the minimum temperature limit 
the controller 50 activates the cooling device 62 to draw 
thermal energy out and away from the light source 46, in 



effect cooling the light source 46. For example, the light 
source 46 may have an operating temperature range of 
approximately between 35°-55°C. A minimum tempera- 
ture limit may refer to a temperature in a portion of that 
temperature range, approximately between SZ'-SSX, de- 
pending upon thermal response time of the system 10. 
The temperature range between 52°-55°C may be referred 
to as a cooling device activation zone. 

[0077] In step 182D, when the temperature of the light source 46 
is between the maximum temperature limit and the mini- 
mum temperature limit the controller 50 deactivates the 
heater 63 and the cooling device 62. 

[0078] When the temperature of the light source 46 is greater 
than or equal to an upper end of the heater deactivation 
zone the heater 63 is deactivated. For example, the heater 
deactivation zone may be approximately equal to 
35''-42''C, wherein the heater 63 may be deactivated; the 
upper end may be approximately equal to 42''C. 

[0079] When the temperature of the light source 46 is less than 
or equal to a lower end of the cooling device activation 
zone the cooling device 62 is deactivated. For example, 
the cooling device activation zone may be approximately 
equal to 52''-55''C, wherein the cooling device 62 may be 



activated; the lower end may be approximately equal to 
52°C. 

[0080] The above-stated temperatures and temperature ranges, 
are provided simply for example purposes only and may 
be adjusted depending upon the application. For example, 
in another embodiment of the present invention the light 
source 46 is maintained within an approximate tempera- 
ture operating range of BS'-SS'C. 

[0081] The present invention by maintaining temperature-operat- 
ing range of the light source maintains wavelength-operat- 
ing range of the light source, thus maximizing light pas- 
sage through the filter 94. By maintaining the wavelength 
operating range of the light source 46, the present inven- 
tion minimizes deviations from a filter center wavelength, 
which can result in reduction of light passing through the 
filter 94. 

[0082] The controller 50 in determining operating speeds of the 
cooling device 62 and thermal output of the heater 63 
may use one or more look-up tables containing associ- 
ated values corresponding to the possible light source 
temperatures. 

[0083] The controller 50 may ramp up or down rotational speed 
or thermal output of the cooling device 62 and the heater 



63, respectively, upon activation or deactivation tliereof. 
Tlie controller 50 may operate the cooling device 62 and 
the heater 63 at incremental speeds and thermal outputs 
or may gradually vary speed and thermal output thereof in 
response to changes in temperature of the light source 
46. 

[0084] jhe controller 50, in order to provide increased service 
life of the cooling device 62, may also adjust the cycle 
time of the cooling device 62. For example, the cooling 
device 62 may provide an equivalent amount of cooling by 
operating the cooling device 62 at a lower speed and for a 
longer duration as opposed to operating the cooling de- 
vice 62 at a higher speed and for a shorter duration. In so 
doing, the present invention minimizes cycle time, or the 
number of times the cooling device 62 is activated and 
deactivated within a given period of time. 

[0085] The controller 50 may determine in certain instances to 
activate the cooling device 62 or the heater 63 at a maxi- 
mum speed or maximum thermal output, respectively, in 
order to provide a maximum amount of cooling or heat- 
ing. For example, when temperature of the light source 46 
increases quickly over a short duration of time the con- 
troller 50 may activate the cooling device 62 at a maxi- 



mum speed to rapidly cool the light source 46. The con- 
troller 50 may deactivate the light source 46 when the 
thermal control system 17 is operating inappropriately to 
protect the light source 46. When the light source 46 is 
deactivated the controller 50 may signal a vehicle operator 
in the form of an alarm signal, via the indicator 26. 

[0086] jhe above-described steps are meant to be illustrative 

examples; the steps may be performed sequentially, syn- 
chronously, simultaneously, or in a different order de- 
pending upon the application. 

[0087] Jhe present invention provides a vision system that is ca- 
pable of controlling activation and operation of a light 
source in response to various vehicle and vision system 
parameters, such as those acquired from sensors 28. In so 
doing, the present invention is capable of satisfying vari- 
ous operating standards. The present invention is also ca- 
pable of maintaining a desired wavelength operating 
range of the light source through accurate temperature 
control of the light source. 

[0088] While the invention has been described in connection with 
one or more embodiments, it is to be understood that the 
specific mechanisms and techniques which have been de- 
scribed are merely illustrative of the principles of the in- 



vention, numerous modifications may be made to tlie 
metliods and apparatus described without departing from 
the spirit and scope of the invention as defined by the ap- 
pended claims. 



